Limited access to safe water enhances poverty, hunger and diseases. This study evaluated the drinking water quality stored in home-based systems, located in rural areas of Tunisia. Water management was also documented as an improvement of good practice as most of the water contamination could be related to behavioral patterns. Thirty-nine water samples from five different sources (rainwater, truck cistern, mix, etc.) were screened for enteric parasitic contamination with the modified Bailenger technique. This technique allowed the detection of three protozoa: Giardia spp.; Entamoeba histolytica/dispar/moshkovskii; Entamoeba coli and one helminth specie: Ascaris spp. The overall prevalence of these intestinal parasites was approximately 97% with a relatively high frequency of protozoa over helminths and more specifically E. histolytica/dispar/moshkovskii. This incidence could be correlated to the lack of hygiene practices, sanitation and education. This situation requires the need for frequent monitoring of the water quality and management in these areas.
INTRODUCTION
Access to safe drinking water is compulsory to assure the required health conditions and the economic development of countries. This evidence has enhanced the worldwide investment in water systems construction and management to meet stringent water quality standards (Trevett et al. ) . Of the six billion people in the world, more than one billion are lacking access to safe drinking water and about 2.5 billion do not have adequate sanitation services.
These two shortcomings spawn waterborne diseases, leading to approximately 1.8 million deaths per year, among or within nations, located mainly in Latin America, Asia and Africa (Trevett et al. ; Xavier et al. ) . In fact, Africa recorded the highest burden disease, where almost a quarter of the sub-Saharan people are lacking these commodities.
This situation leads to an important prevalence of child mortality, particularly those less than five years of age, by infectious diarrhea, the fourth largest child killer in that continent (Squire & Ryan ) . In North Africa, Tunisia, has given priority to the importance of sanitation, water management and supply by developing strategies to satisfy the increasing needs of irrigation, drinking water, tourism and industry sectors. Most of the Tunisian urban water for human consumption is tap water issued from surface or ground water and treated with advanced techniques. However, in rural areas, good quality tap water is not always easy to access. The rural community water system often consists of public or private wells, stand pipes, or rain water. One water in adequate home-based systems is being encouraged by the Tunisian government. This water is either from rain as source or bought from water suppliers. During a period of prolonged drought this water becomes an important commodity for everyday use and survival. However, the main constraint for the stored water is its microbiological quality, which could be deteriorated as it is closely related to: (i) the system collection (pipes, gutters, unclean containers, etc.), (ii) the original water-source quality, (iii) the transport conditions, (iv) the unhygienic and/or inadequately domestic water-handling practices (open, uncovered or partially covered cisterns, children playing with the household water container, etc.) (Tambekar et al. ) .
In developing and developed countries, waterborne pathogens, such as bacteria, viruses, parasites (helminths and protozoa), are frequently associated with a high prevalence of morbidity and/or mortality, particularly in children.
Their spread is closely related to the sanitary, environmental, educational conditions, socio-economic status and the absence of safe drinking water supplies.
Parasites are of public health interest as they are characterized by an important persistence to hostile conditions, acquired thanks to their protective walls. Their transmissible stages can survive for long periods outside of the host in a moist environment and all water sources (lakes, surface water, wells, tap water, dam, etc.). This reflects the increasing health threat of populations using these water bodies for drinking, recreational and agriculture purposes. Giardia cysts could survive in water for up to four months at temperatures lower than 8 C, while Entamoeba histolytica could survive up to one year in water and sludge at temperatures lower than 4 C (Ben Ayed & Sabbahi ). They are transmitted through fecal, oral, zoonotic and human to human pathways, with food and water the most common transmission routes (Efstratiou et al. ) .
Giardia, Cryptosporidium and Entamoeba histolytica represent the etiological agents for more than 900 waterborne outbreaks of epidemic and endemic human diseases In Tunisia, waterborne or foodborne outbreaks of giardiasis, amoebiasis or cryptoporidiosis have not been reported yet, but their presence has been reported in epidemiological data. In the Tunis region, the prevalence of Giardia duodenalis and Cryptosporidium spp. in diarrheic persons was found to be 46.2 and 8% respectively (Bouratbine et al. ) . Cryptosporidium spp. prevalence was significantly higher in immunocompromised than in immunocompetent children without any differences between rural or urban communities (Essid et al. ) . The prevalence of helminth infections was estimated to be 0.03% for Ascaris lumbricoides and 10.3% for Enterobius vermicularis (Chaker et al. ) . There is no functional surveillance system to report waterborne disease outbreaks in Tunisia in comparison with well-established reporting systems in European countries and only indirect and limited prevalence data, reporting incidence, together with the level of contamination may be used as risk predictors.
The parasites usually cause acute gastrointestinal disorders, chronic diseases and may contribute to poor growth in children. Giardia duodenalis and Cryptosporidium species may also adversely affect young livestock, with negative impact in their rates of growth and production. Infections by these parasites can induce nausea, abdominal pain, watery diarrhea, cramps and weight loss.
All these issues subsequently give rise to an urgent need for evaluating the microbiological quality of drinking water stored in such systems to assure the user's health, safety and protection.
The objectives of the present study were: (a) first, to evaluate the parasitological quality of the water stored in cisterns or underground tanks and used as a unique source for drinking water in rural areas of Kairouan in Tunisia; (b) second, to document the normal practices of storage and use, thus providing directive guidelines in Tunisia for improving drinking water quality in such communities.
MATERIALS AND METHODS

Study sites
This research was carried out in rural areas of Kairouan governorate, which is located in the center of Tunisia and covers an area of 6,712 km², the equivalent of 4.1% of the whole country ( Figure 1 ). This governorate was selected due to the relatively high presence of poor populations and the precarious state of the water supply and sanitation infrastructure.
In order to achieve the objectives of this study, the main activities undertaken in rural areas of this governorate were:
(i) the geo-localization of homes using cisterns for drinking water or for other usages (cleaning, cooking, bathing, etc.) in order to determine their numbers and distribution as this information is lacking from local responsible authorities, (ii) the elaboration of surveys and observations of the cisterns in order to report the water storage practices and management, and (iii) the water analysis for parasitological contamination with the modified Bailenger technique (WHO ).
In total, 150 houses were investigated for these purposes.
They were located throughout the seven-governorate's delegation: Sbikha, El Oueslatia, El Alaa, Haffouz, Hajeb et Ayoun, Echrarda and Nasrallah as summarized in Figure 1 .
Among them, 39 representative samples of private cisterns were rigorously selected and were attributed a code to preserve the household identities. All these 39 selected households are using the water, stored in their private cisterns, exclusively for drinking water.
Surveys and observations
On all the 39 households selected, the following information was collected: (1) the date of the construction of the cisterns in order to determine their age (years), (2) their internal construction material, (3) their capacity (m 3 ), (4) the origin and method of filling of the stored water (rain, suppliers, mix of both, etc.), (5) the method and frequency of cleaning, (6) the presence and type of the cistern's cover, (7) the type and preservation of the instrument used for water collection, (8) relevant observations of hygiene behavior and water storage (e.g. hand washing, presence of animals in the house, etc.), (9) the respect of a construction plan enacted by the Regional Commissariat for Agricultural Development, (10) the method used for water serving (manually or pumping) and (11) the user's satisfaction of the water quality stored (Table 1) .
According to Table 1 , three categories were formed regarding the cistern's capacity, which is closely related to the financial household resources. The first one is a cluster of houses with a cistern's capacity not exceeding 10 m 3 .
The second category, composed of 16 representative samples, is concerning houses with a cistern's capacity ranging between 12 and 27 m 3 . The last one is a cluster of homes with cistern's capacity higher than 30 m 3 .
All the investigated cisterns were private except the cistern referenced 22, which is a collective one. Any of them did respect the specificities of the plan enacted by the Considering all the cisterns capacities, the water samples analyzed were as follow: 16 bought from suppliers and filled directly in the home based cisterns (41%), 13 roof harvested rainwater (impluvium) (33.3%), four water mixed samples (10.25%), five issued from the tap and stored in the underground tanks (12.8%) and only one sample was filled from well water.
For water collection, the selected sites were using a plastic bucket of approximately 25 L capacity, not well preserved, old, always kept outside the cisterns and placed directly on the floor. All the cisterns surveyed were protected with a metallic cover, which was rusted and non-hermetic. 
Water sampling
Quantitative detection of enteric parasites
Upon arrival in the laboratory, the water samples were left to settle undisturbed for 24 h at room temperature without addition of any reagents. The supernatant was then removed and the sediment was used for the microscopy analysis.
Nsom Zamo et al. () noticed after testing many techniques, namely Teleman-Rivas, Willis, Janisco-Urbanyi and Bailenger, that the latter method was the most efficient.
Thus, samples were examined for parasites according to the modified Bailenger method (WHO ). Briefly, the sediment was centrifuged at 1,000 × g for 15 min. After that, the pellet was suspended in an equal volume of acetoacetic buffer, pH 4.5 (15 g sodium acetate anhydrous 99%, 3.6 mL acetic acid) (LOBA Chemie, India and Chem-Lab NV, Belgium, respectively). This pH was considered as the most favorable to concentrate parasites. Then, two volumes of ether (Biotechnica, Tunisia) were added and the sample was mixed for 10 min. The sample was then centrifuged at 1,000 × g for 15 min (Jouan E82, France). The pellet was resuspended in five volumes of zinc sulfate solution (AnalaR NORMAPUR, Prolabo, Belgium) with a gravity of 1.3 (density 33%) and mixed thoroughly. This density was considered as adequate, leading to a good purification of parasites. Quickly, 50 μl were transferred to a slide for microscopic counting (magnification of ×400) by light microscopy (Olympus, China).
The number of ova or cysts per liter of wastewater was calculated using following the equation:
where C ¼ the number of ova or cysts per liter of water; N ¼ the number of ova or cysts counted under microscopic observation; X ¼ the volume of the final product (mL); P ¼ the volume placed on the slide (50 μl); and V ¼ the original sample volume (5 L).
Statistical analysis
A statistical package (SPSS 20) was used for data analysis of water results. Categorical variables were compared using chi square test; p 0.05 was considered significant.
RESULTS
Surveys and observations of the hygienic practices
Questions were applied to the 39 selected households to report their practices regarding water storage, serving and handling. It was observed from the 12 raised questions that 100% of the households do not wash their hands when handling water and that they are not applying any treatment to preserve the quality of the water stored in their cisterns. The bucket used for water serving is not well preserved, is never washed and is put directly on the ground. Moreover, the covers of the wide-mouthed tanks were rusted and not hermetic. In all the rural households investigated, domestic animals were seen inside the houses (Table 2) .
Prevalence and distribution of parasites
A preliminary investigation into the occurrence of parasites was conducted in order to estimate the potential risks for the rural population using water stored in underground tanks or cisterns for drinking water. In the rural households of Kairouan, the parasitological analysis showed that out of the 39 water samples collected and used exclusively for drinking water, 97% were contaminated and only one house contained suitable drinking water in its cistern.
The modified Bailenger technique (WHO ) applied to the 39 sampled waters allowed the detection of four parasites.
Among them, three protozoa were detected and were represented by one flagellate (Giardia spp.), and two amoeba species (Entamoeba histolytica/dispar/moschovskii and Entamoeba coli). This technique also allowed the detection of one helminth represented by a nematode which is Ascaris spp. This latter parasite was found only in two samples (5%): The chi square tests applied showed that these four parasites presence were not correlated to any of the studied parameters, namely the low or high cistern capacity, the construction material (stone, reinforced concrete, etc.), the cistern age (old or new), the type of water supplied (manually or pumping) and the type of water stored (rain or from suppliers, etc.) with p > 0.05 for all the considered cases.
Giardia spp. was present in 92% of the samples investigated with a concentration ranging between 13 and 393 cysts/L (Figure 2(a) ). The pathogenic (E. histolytica/ dispar/moschkovskii) and the non-pathogenic amoeba (E. coli) were present in 97% of the samples with concentrations ranging respectively from 25-394 and 25-250 cysts/L (Figures 2(b) and 2(c)).
These three protozoa were present together with the same concentration in samples 5, 8 and 21 where they were detected respectively with 25, 50 and 57 cysts/L.
Quality of the ingested water stored in the underground tanks
In order to clearly investigate the parasitic contamination of the ingested water quality in the 39 investigated rural cisterns, each water tank was studied separately.
The water tanker
Sixteen investigated rural homes were filling their cisterns exclusively from the cistern's truck. Among them the four detected parasites were present, an exception was made for sample 7, where they were all absent ( Figure 3 ). The 
Well water stored
Only the sample referenced 21 was filled exclusively from well water. Ascaris spp. was absent while the three protozoa were detected with the same concentration (57 cysts/L).
DISCUSSION
In arid countries, limited access to good quality and adequate quantity of water is of public health concern as it represents a spreading vector of waterborne parasites, the most common cause of infection worldwide. Drinking This study was conducted in order to evaluate the presence of parasites in water stored in underground tanks and used exclusively for drinking water. It could also be used for preparing food, maintaining personal hygiene and cleaning utensils, within or between rural householders. To the authors' knowledge, this study represents the first investigative report of the quality of drinking water stored in cisterns in rural areas in Tunisia and the first assessment of water use practices.
Water quality could be investigated by the monitoring of the presence of fecal indicators and parasitic presence. For this study, as we do not have the necessary equipment to undertake the coliforms, enterococci and Escherichia coli presence in drinking water samples, we focused only on parasitic detection. We did not undertake bacteriological analysis due to an absence of correlation between their presence and the parasitic contamination.
Although the modified Bailenger technique applied is specific to helminth ova detection, it also allowed the detection of protozoa, which were more frequent. This cor- Due to a lack of access to private taps, rural households are managing this limited situation by using five kinds of water, which were sampled and analyzed for parasitic contamination: 16 from truck cisterns depending on water vendors, 13 from roof harvested rain water, four of a water mix, five from tap water and one from wells.
The detected parasites in the examined 39 water samples were Entamoeba histolytica/dispar/moshkovskii (97%); E. coli (97%); Giardia spp. (92%) and Ascaris spp. their minimal infective dose and their potential for zoonotic transmission.
E. coli was as frequent as E. histolytica/dispar/moshkovskii. However, as it is a non-pathogenic enteric protozoa, it does not represent a public health concern.
E. histolytica/dispar/moschovskii was the most frequent pathogenic protozoa present in all types of water stored.
This amoeba is responsible, after malaria and schistosomia- It is also important to manage the presence of domestic animals in the houses, as they are a source of contamination.
This study was only based on morphological analysis due to a lack of necessary conditions to undertake further investigations. The application of molecular tools for the identification of specific parasites of contamination sources and seasonal evolution is recommended.
Some of the households investigated are maintaining or cleaning their underground tanks well. The cover of the underground tanks or cisterns must be changed and painted to avoid the risks of eventual uncontrolled water run-off.
Moreover, proper cleaning of the tanks, the roof and the material used to collect the water (pipes, gutters, etc.) is compulsory to ensure safe water storage and quality preservation. Further studies may be undertaken in order to determine the most efficient physical or chemical disinfection method (boiling, heating, settling, filtering, exposing to UV radiation in sunlight, chlorination). Xavier et al. () argued that even if a chlorination treatment was applied, the prevalence of Giardia and Ascaris remained high in rain water stored in pots and in tanks.
As the water bought could be more expensive than tap or rain water, rural households unable to afford to purchase water as often tend to store water for longer times, ). The investigated women claimed that soap is too expensive to be frequently used and does not last long, therefore they are managing its use.
One of the best ways for quality surveillance and preservation is regular analysis, community participation, education and responsibility of households in water storage and use.
CONCLUSIONS
The results of this first assessment of water quality stored in underground tanks or cisterns demonstrates the parasitic contamination, highlighting the necessity of preventive measures such as periodic monitoring and improvement of the behavior and health education of rural communities.
The obtained results reflect the complexity of interactions of several factors involved in the fecal-oral disease transmission. We recommend that considerable attention must be accorded to water management practices in rural households in Tunisia.
